Introduction
Much work has been done on pore pressure generally in the Niger Delta e.g. Cobbold et al., 2009; Marsset et al., 2008; Wiener et al., 2006; Graue, 2006; Markus et al., 2006; . Bliotti and Shaw, 2005; Dosunmu and Nwagbara, 2004; Olorunniwo and Ayuk, 2004; Ichara and Avbovbo, 1985 and Nwozer et al., 2012 . These publications focus on things ranging from the causes/origins of overpressure to its distribution and implications for structural development and drilling. In many cases, very high pore pressure has been reported. Therefore, accurate pore pressure prediction is vital for both successful drilling of wells but also for safety reasons. Typically seismic velocitiy data are utilized to produce a pressure prediction, based on data derived from offset wells. In this study we describe this process for well Koronoma-3, Shelf Niger Delta and show how understanding the mechanism of overpressure generation is important and show how simple models based on rates of sedimentation can be used to quality assess the results from seismic data. A similar approach using rates of sedimentation is described in Swarbrick (2012) from a well in SE Asia where seismic velocities proved to be unusable. In this paper, the rate of sedimentation model was used along with the well sonic, check-shots and seismic PSDM velocities to produce a multidiscipline approach to pressure prediction.
Study Area
The Niger Delta is a classic passive margin basin with a prograding clastic wedge of deltaic, shallow marine and deepwater sediments. Reservoir intervals are punctuated by laterally extensive shale intervals (Maximum Flooding Surfaces or "MFS" shales). The studied fields lie within the Shallow Offshore Depobelt of late Miocene age of the Niger Delta. The section is dominated by stacked, amalgamated, upper shoreface sands with mostly relatively thin (<160 feet) intervening shales. Sequence stratigraphic analysis identified MFS's and sequence boundaries within the objective sequence penetrated in the wells. Reservoir sands in the tested sections are considered to be mostly progradational, shallow marine, shoreface deposits, mainly within the inner-middle neritic setting.
Data Availability
For the Koronama-3 well there were a series of data available. Log data included sonic, resistivity and density as well as gamma ray and caliper, to allow the quality of the logs to be checked for washout etc. Lithological data and temperature data were also supplied. Drilling data including mud-weight and connection gas information were used to aid the understanding of the pore pressure whilst drilling was occurring.
Figure 1: Location of Koronama-3 well, Shelf Niger Delta
The seismic survey was acquired between May 1992 and January 1993. In some areas a two boat (M/V Indian Seal) system was used to undershoot production platforms and other obstacles. For most part of the survey two 120 channels cable were used. In shallower parts of the survey, two shorter 40 traces cables were deployed for operational purposes. This configuration was also used to collect near traces offsets otherwise unavailable from the undershoot collection. The processing project was taken through a standard Pre-Stack depth migration algorithm with the objective to produce a dataset of sufficient quality for pore pressure prediction, structural interpretation and quantitative interpretation.
Techniques/Methods
To determine which mechanisms are present and so enable the correct algorithm to choose for shale selection, velocity vs. density crossplots has been used. These can be used to distinguish between overpressures generated by disequilibrium compaction and overpressure generated by fluid expansion (Bowers, 1994) and load transfer (or framework weakening) Lahaan et al (2001) . Figure 2 summarizes the trends commonly identified when shale velocity and density data are cross plotted (Swarbrick, 2012) ). These plots are generated by only displaying shale data so petrophysical analysis and conditioning of the data is first required. Lithology is also important i.e. the type and volume of clay in the shales can bias interpretation. Semblance analysis, a hyperbolic radon transform in which the amplitudes are smoothed, scaled, and contoured was produced for the aim of pore pressure prediction. This transformed display in Figures has axis of time and velocity that are used to identify the velocities for normal move-out (NMO) correction of the CMP gathers. The hyperbolic move-out energy from primary reflections, multiples, and mode converted energy is focused to a small local area on the semblance plot, with its peak defining the moveout velocity." (Bancroft & Cao, 2004) .
Lateral velocity variations do occur frequently. This involves encountering low-velocity zones in an otherwise high-velocity medium or vice versa. This will involve different move-out curves, and hence velocities. Effects described above were accounted for in the velocity analysis work prior to the pore pressure prediction. This assumes that all overpressure is generated by disequilibrium compaction and that all data are Tertiary -the relationship used is published in Swarbrick et al (2002) . Swarbrick et al. (2002) showed that there is a correlation between sedimentation rate and FRD using data from shale dominated regions. Data in Swarbrick et al. (2002) is presented from the Gulf of Mexico, Trinidad, Nile Delta and other world-wide basins. If rates of sedimentation can be calculated for Koronama-3, theoretical shale pressures can be estimated and matched to those predicted by the seismic interpretation -if the seismic interpretation exceeds the FRD model, then the seismic analysis is suspect and may need re-assessment. Less than predicted, would suggest some natural lateral drainage in the shales and their associated reservoirs.
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Discussion of Results
The analysis of the velocity vs. density data is shown in Figure 4 for Koronama-3. The data between 8-9000 feet TVDss (blue to teal/yellow data) show a deviation from the Gardner shale line (green line) suggesting a change to a different deeper compaction mode. The deepest data in red is observed to reverse back along a trend parallel to the Gardner line -scatter is due to a combination of sand data (although every attempt has been made to remove these data) as well as the effects of lateral drainage, where reservoirs are naturally depleting fluid flow from shales into the sands creates cementation and hence fast velocities.
The reversal of the deepest shale data (dark red), despite being 130 o C or more and therefore likely prone to additional processes of overpressure generation such as fluid expansion, suggest disequilibrium compaction is still dominant -particularly as the reversal in the density i.e. for fluid expansion, density is independent of sonic and should show minimal reduction via elastic rebound (Bowers, 1994) . This validates using Equivalent Depth Method for well sonic/seismic velocity data to interpret shale pressures in the following section. Figure 5 shows a comparison of well sonic, check-shots and seismic velocity at the well location. In the shales, where we are attempting to predict pressure, a successful match is achieving i.e. black line (raw semblance picks converted to interval velocities), suggesting that the seismic velocity data is useful for pressure prediction in the shallow shales, however, in the deeper shales, the seismic velocities are too slow, thus under-estimating pressure. The red line in the figure is the calibrated seismic velocity data -generated using a least square minimization using the checkshot as reference. Figure 6 shows the results of the multi-strand approach. The shale interpretation using log data such as sonic, resistivity and density match the mud-weight at the base of the well where a kick was taken. The calibrated seismic interpretation is shown in pink and provides a similar value of shale pore pressure. The FRD model was produced using the following data;
F9650_Top Marker at 12970 feet (9.5Ma) gives an average rate of sedimentation of 438m/Ma and an FRD of 0.9km or approximately 3,000 feet BML. This is also in sensible agreement with the other interpretations, adding confidence that the seismic approach has credence.
Conclusions
Seismic-based pore pressure prediction can give very defensible results in many basins, particularly where shales are of similar composition and low temperature (<100 o C). However, uncertainty is inherent even in these types of basins, not least due to the velocities not being derived in the correct manner as part of the acquision/processing stages. The approach of using multiple data strands adds confidence if similar results are produced for shale pressure. An added level of constraint is provided by the rates of sedimentation model as demonstrated for Koronoma-3. This approach (based on rapid sediment loading) has been shown to work in shales at temperatures of 130 o C in the Niger Delta; these temperatures are typically associated with fluid expansion or other mechanisms of overpressure generation rather than the disequilibrium compaction observed here.
